The number of planes at the end of life is increasing. Innovative management practice of aircraft at the end of life can be considered as a transdisciplinary context. Moreover, regarding dynamics and multidimensionality of aircraft recycling projects, conventional management systems cannot be sufficient and responsive. The purpose of this paper is to address a research agenda that support various aspects of dynamics and transdisciplinarity of end of life aircraft recycling projects (EOLARP) by a strategic conceptual framework. Four sections of the framework including business model, market and industry, knowledge management and performance measurement make a basis for addressing the essential issues in EOLARP business ecosystem, which needs an incorporated approach of different disciplines and players. Further studies and works on each arena in this framework are valuable in overcoming difficulties facing managers and strategic partners in EOLARP.
Introduction
In the global market forecast of Airbus for the period [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] [2017] [2018] [2019] [2020] [2021] [2022] [2023] [2024] [2025] [2026] [2027] [2028] 8453 aircraft are projected to be retired (Heerden& Curran, 2010) . Based on Boeing's report, the potential market for aircraft disposal will be nearly 6000 by 2028 (Green sky, aviation and the environment, 2010). A substantial and novel industry problem has occurred as a result of large numbers of useless aircraft and the related environmental issues (Heerden& Curran, 2010) . Different research groups, companies, projects, associations or initiatives work on end of life aircraft problem. The solutions to this important topic must integrate the different disciplines, field of studies and expertise. End of life vehicle solutions are well developed during the recent decade. In contrast, a review of the literature reveals that little empirical research has addressed main issues in business ecosystem of aircraft recycling projects.The absence of relevant directives, size of treated materials from End-of-Life products, complexity in fleet recycling process, multilayered relationship among partners and players are only some of challenges facing the aerospace industry in relation to end of life aircraft problem.
Defining appropriate optimization tools, decision models and conceptual frameworks in business ecosystem of aircraft recycling with considering economic, social and environmental aspects is a smart way for dealing with these challenges.The purpose of this paper is to address a research agenda that support various aspects of dynamics and transdisciplinarity of end of life aircraft recycling projects (EOLARP) by a strategic conceptual framework.
The overall process of parting-out an aircraft is shown in Figure 1 . Numerous important components can be retained before dismantling, recycling or disposal. Engines, landing gears, avionics, and electronic motors are the most common parts which may be reused. Doors, wings, interiors can be used for training purpose (The Aircraft at End of Life Sector). Recycling the material is the other aspect of end of life solutions. Four major classes of materials ranging from low cost interior materials to high performance alloys and composites used in aircraft construction. For old models, the aluminum is main material with a high achievement in recycling technologies but in new models with using composites, the recycling is challengeable. Aerospace original manufacturers have a long history of looking for ways to reuse or recycle aircraft and their components. In the past, at least 50 percent of the material used in aircraft construction was reused or recovered (Watson, 2009) . Different companies worked on this problem during recent decade. Based on the core business of these companies, they follow different strategies, practices and process for implementing the end of life solutions (Siles, 2011) . The two largest airframe manufacturers, Airbus and Boeing, are at the head of research and main projects in this field. Airbus PAMELA project has successfully confirmed that as much as 85 percent of an aircraft by weight can be recovered for recycling (Watson, 2009) . Boeing has taken a leadership role in aircraft life cycle and end-of-service recycling strategies for more than 50 years. Aircraft Fleet Recycling Association, AFRA, is a global consortium of more than 40 companies that provides environmentally responsible options for aging aircraft. This includes maintaining and reselling reliable airplanes and returning them to service. Safe parts recovery, scrapping and recycling services are available for airplanes that cannot be returned to service (Boeings environmental report, 2010) . In addition to these initiatives, there are some different companies that provide services in this field. Table 1 shows key information regarding these initiatives. Regarding above description, environmental impact concerns, eco efficiency design, technical and business aspects, corporate responsibility and customers trust, legislation and associated authorities boundaries are only few various areas in EOLARP that should be addressed properly to achieve the objectives of these projects. In addition complexity and difficulties are growing more in swiftly changing these areas. North & Macal (2007) believe that markets, particularly those far from the standard forms analyzed in economic theory (for example, perfect competition, monopoly, and oligopoly) and social systems, especially those within industrial and government organizations, are examples of system, which have been complex. Hence, second hand part market of aircraft components, the role of local or global authorities and the lobbying interface among different stakeholders are the other factors, which intensify the complexity in these projects.The conceptual framework presented in this study provides a starting point for a more structured analysis of thought-provoking issues in EOLARP.
Transdisciplinarity in EOLARP
"Transdisciplinarity is a collective understanding of an issue. It's created by including the personal, the local and the strategic as well as specialized contribution to the knowledge" (Brow et al., 2010, p4) . Thompson Klein (2004) states that transdisciplinarity has become a main imperative across all sectors of society and knowledge domains and an important way of thought and action. Figure 2 presents the difference among interdisciplinarity, multidisciplinary, and transdisciplinarity. This illustration of transdisciplinary clears up that in interdisciplinary and multidisciplinary, current field of studies simply mutually impact each other, essentially making intersections in two dimensions. In transdisciplinarity, a new transdisciplinary discipline with its own theoretical structure is created over dynamic cooperation and amalgamation of different disciplines. Chiesa et al. (2009) remark that transdisciplinarity is a dynamic approach by which different disciplines are linked and arise to a new discipline. Table 2 shows the unique characteristics of transdisciplinary and the related evidence in an EOLA research project. At the lower level, we have the end of life problem and associated issues. Large number of useless aircrafts and connected environmental impacts, the second hand part market and related safety issues in monitoring, tracking and certification. In this level we have also the business opportunities related to end of life aircraft treatment, players in the problem and their opportunities and concerns. For example, for aircraft companies, the reputation or market image in one side and the design in the other side are concerns. The business profits or the technologies boundaries are the other aspects of what exits. The succeeding level is purposive level. In this level we have technological and solution disciplines such as the disassembly of components, the dismantling of the rest parts, recycling materials and management the whole process. The next level is normative level and what we want to do. This level covers all regulations, standards, instructions or guidelines that should be followed to achieve the harmless and even impeccable management process as possible. But it's not enough to meet the expectations of various stakeholders in the project. The higher level of this pyramid or value level involves the final aims of all players containing the social responsibility, better perspective of airlines and manufacturers and finally consumer trust.
Strategic Approach to EOLARP
According to Bower (1970) and Ackoff, (1970) "strategic decisions deal with novel and complex sets of interdependent problems facing the organization" (Shrivastava, 1985, p.98) . In addition, we need to have attention in noneconomic factors in decision making. Svendsen & Laberge (2005) explain that new complex reality of the 21st century with increasing sustainability socioeconomic and environmental challenges needs the development of a new way of thinking and engaging with stakeholders. Traditional strategy frameworks were neither helping managers develop new strategic directions nor were helping them understand how to form new opportunities in the core of so much change (Freeman &McVea, 2001, p3 ).
Freeman &McVea (2001) believe that management should know the needs of stakeholders to set the boundaries of actions. Hence the conventional approach for project management, with focusing on efficiency aspect such as time, budget and quality cannot response the requirement of partners in the project. Project management is a complicated and multidimensional concept. In order to evaluate a project's success, it's needed to understand the different dimensions and address different time frames from very short to very long. Each project has its own specific dimensions, and their relevant importance will vary (Shenhar et al., 2001, p720) . Shenhar et al (2001) suggest that strategically managed projects are focused on attaining business results; however, operationally managed projects are focused on getting the job done. Stefanovic & Shenhar (2007) used a new three-dimensional maturity model, which evaluates projects according to the emphasis on operational excellence, strategic focus, and inspired leadership. They studied how the level of maturity of the project on each dimension related to project success. The authors believe that strategic focus seems to be a key element in achieving customer satisfaction, business success, future prospects, and overall success.
In a study by Shenhar (2004) , the relationship between the type of the project and the importance of the strategic focus are explained based on four criteria: the level of novelty, complexity, technology and pace.
Concerning, the uncertainty, complexity and novelty of EOLARP, having a strategic approach can help managers to tackle with the difficulties and challenges in these projects. Figure 4 illustrates this approach. In first layer of this figure we have the key elements of strategic management. These elements based on Johnson & Scholes (1984) are in three interrelated categories including strategic analysis, strategic implementation and strategic choices. The second layer of this figure is the results of strategic focus in project management approach (Stefanovic & Shenhar, 2007) .The third layers show four dimensions, which proposed as the elements of strategic approach to EOLARP in this research. In this layer the strategic management elements of each dimension as well as the results are shown. In the other word, the four aspects in third layer are the building blocks of our conceptual framework, which will be explained in more details in next part. 
The Conceptual Framework
Figure 5 illustrates the conceptual framework, which reflects strategic approach to EOLARP in transdisciplinary context. We focused on four elements in these projects: Business model, knowledge management framework, market and industrial context and performance management. Value proposition and operating model are two important aspects of each business model. Based on challenges in setting targets, the variety of stakeholders, their value perspective and the model for value chain and organization, business model is the first element, which should be considered in this conceptual model.
Addressing business issues in aerospace industry is more complicated and different rather than other industries. Several factors are involved in this complexity including the role and action of government, absence of normal competition to balance the supply and demand, lifecycle of products and important equipment such as engines, aftermarket sales, spare part and maintenance markets, intricate relationship between original manufacturers and upstream value chain partners and the effect of other macroeconomic factors such as oil price volatility, declining traffic and evaporating aircraft finance (Buxton et al., 2006) .
As a result, market and industry context is the second portion of our conceptual framework. The knowledge structures, knowledge sharing among multiple players, the different field of sciences, skills and know-how and the barriers and limitation for effective intercommunication in EOLARP are the reasons for selecting knowledge management as a part of our model. Lastly, Performance measurement as an important element of effective planning and control with considering the different perspectives and metrics in a basic model is illustrated.
Hadornet al. (2007) in handbook of transdisciplinary research explained the complexity and diversity of transdisciplinary in the following way:
"Complexity is used for the interrelations among heterogeneous dimensions, or plural values and norms. Diversity: means that empirical dimensions relevant to describing and analysing processes are heterogeneous in the sense that they belong to different disciplines or to the perceptions of different actors and that there are plural values and norms that do not fit together in a systematic way."
Concerning different stakeholders in EOLARP, compound relationship among these players and policy making with parameters that changed with time, dynamics aspect is another feature for studying each element in our conceptual framework. As a result, in second layer of this framework we have three elements of complexity, diversity and dynamics. In third layer we have three aspects of sustainable development, which play an imperative role in EOLARP. 
Business Model
The business model aids as a building plan that allows designing and realizing the business structure and systems that establish the operational and physical form of an organization (Ostenwalder et al., 2005) . Business models aid to capture, visualize, understand, communicate and share the business logic among stakeholders (Ostenwalder et al., 2005) . Visual system benefits in handling the complexity (Rode, 2000) , the process of modeling social systems and understanding the relationship among its elements (Morecroft 1994; Ushold& King 1995) and helping managers to communicate and sharing their understanding of a business among other stakeholders (Fensel, 2001) are the advantages of business model (Cited in Ostenwalder et al., 2005) .
In order to better understanding of the business perspective of EOLARP, we explain the stakeholders involved in this environment. Figure 6 shows the different players in a typical EOLARP. As shown in this figure, EOL enterprise is a main actor in this ecosystem. This body is responsible for designing, performing and managing the whole process of EOL aircraft treatment. Osterwalder & Pigneur (2004) introduced nine building blocks of a business model including value proposition, target customer, distribution channel, relationship, value configuration, core competency, partner network, cost structure and revenue model. For simplification, we defined four aspects of business model in Figure 7 . Services reflect the proposed value by project. It's obvious that previous experiences or background of EOL enterprise influence the management approach of the project. For example, an EOL enterprise with background in spares part and services and another one, which is formed to provide EOL aircraft solutions, have not the same approach for dealing with the project. Regarding value propositions, various services are offered in these projects. Stakeholders address target customers, relationship and distribution channels. With the purpose of extensive perspective of customers we also considered social actors, regulation bodies and market actors. Hence the complexity of relationship, communication mechanism and lobbying with these players are apparent. Designing appropriate risk, revenue and costs model are another challenges in these projects. Costs factors such as skill workers costs, time, transportation costs, investment, required databases such as rates, materials property and capital equipment costs should be considered. Moreover, the revenue items, recovered energy, relationship www.ccsenet.org/jms
Journal of Management and Sustainability Vol. 3, No. 3; between costs factors and revenue items, various EOL stakeholders, the type of contracts and agreements are some of elements, which increase the complexity of financial side analysis. Finally, infrastructure includes the core competencies of main player (EOL enterprise), developed processes, and the network of partners should be addressed in business model. Figure 7. Typical business model
Market and Industry
Used aircrafts, used parts and components markets have the conditions that are challenging. Several internal and external factors are contributed to these challenges. Used aircraft inventories, equipment regulatory in the industry, financing and manufacturing issues are some internal factors. Increasing maintenance costs, outdated avionics equipment, noise compliance issues and parts availability limit operating these aircrafts and they are rapidly becoming economically unfeasible. The external factors include financial crisis, demand for used aircraft especially in India, Middle East, Eastern Europe, and especially Russia, reduced the supply of funds available (Smith, 2010) .
The business of treating materials from End-of-Life products is a small slot of overall business of aircraft companies, and it's not feasible to commit reverse supply chain and related treatment channels for this problem. The total weight of aircraft entering the End-of-Life phase is small compared to the weight of other transportation means such as personal vehicles (Eco-Efficiency and Sustainability, p10).
Considering these issues we can come to this conclusion that applying general green supply chain practices cannot be effective for this purpose. Given these findings, developing new ways in deployment of supply chains of aircraft companies to achieving the operative outcomes is another interesting and challengeable issue. But the structure of supply chain in these companies are complicated and changed over time.
In aerospace supply chain, the large players are supported by a vast supplier base globally and these suppliers are supplied by a large base of tier 2 and tier 3 suppliers, which serve multiple industries (such as industrial manufacturing or automotive). These are followed by tier 3 suppliers, which include suppliers of machined components such as castings and raw materials suppliers for metals and rubber (Tiwari, 2005) .
When some of aircraft parts are disposed of, it is important that they are destroyed beyond repair to avoid entering these parts to the market. The component that enters the market without the right documentation or without legal documentation is called a bogus part. From safety perspective, controlling and tracing these parts is critical to avoid the possibility of terrible consequences. The aviation sector follows the global economic trend and when economies slow down also travel by air slows down. And this matter can influence the demand of fleets and subsequently the end of life aircraft market. The role of component dealers, the demand for spare part component is the other factors that influence this market. Maintenance market can also affect the parking rate of aircraft and dismantling and disassembling options (Heerden& Curran, 2010) .
www.ccsenet.org/jms
Journal of Management and Sustainability Vol. 3, No. 3; Based on these facts, developing a model is needed to address the dynamic behavior of market and various aspects of economics of aircraft recycling.
Knowledge Management Framework
The aircraft end of life problem is a new field of study. Therefore, the literature, which addresses the models, optimization tools and techniques in different operational processes in this area, is limited. We addressed the key issues in aircraft end of life problem and gathered some works in this field or other related studies in automotive industry. Table 3 shows the key issues and the references. This simple summary can show the different areas and fields of study in EOLARP. Brand & Karvonen (2007) presented a concept that clarifies the knowledge characteristics in sustainable development context. The authors introduced four conventional forms of expertise and explained the ecosystem of expertise. In this approach, with the aim of deal with complexity of sustainable development problems we need "Sustainability expert" from a transdisciplinary perspective. They concluded with some advices to preserving the outlook on the whole system, pursuing strategic, transdisciplinary collaborations and preventing the institutional barriers with politicization.
In the other study by Komiyama & Takeuchi (2006) knowledge structuring introduced as an important principal pace in the effort to attain a broad view of sustainability issues. The authors explain the interconnection facet of sustainability problems in addition to complexity and emphasize that clarification of different aspects of these problems is only way to solve them. They believe that developing a platform of knowledge with allowing an outline of the whole network of problems and systematically organizing different fields of analysis provides comprehensive solutions to these problems.
Knowledge communication involves exchanging, sharing, transmitting, and cross-linking knowledge among members of different groups (Heinze, 2003 , cited in Chiesa et al., 2009 ).
Effective Knowledge communication can help EOLARP in access to imperative breakthrough in processes, management practices or relevant technologies of EOL aircraft treatment around the world and this knowledge exchange can facilitate and accelerate the project and target achievements.
The distance between the knowledge units can demonstrate the complexity and diversity of knowledge sharing structures. For example, Figure 8 shows the AFRA members around the world. If we assume this community as a basis for designing knowledge network, it's obvious that different cultural background, specialization, motivation www.ccsenet.org/jms
Journal of Management and Sustainability Vol. 3, No. 3; for knowledge exchange, the probability for conflicts (Schüppel, 1996 , cited in Chiesa et al.,2009 ) and lack of effective communication channels may be considered as knowledge sharing barriers and build complexity in knowledge management framework for EOLARP. Figure 8 . AFRA members around the world: based on information in AFRA official website Not even in knowledge acquisition from different knowledge sources around the world, but also knowledge sharing mechanism among partners in the project raise some challenges related to diversity of knowledge units and complexity of sharing mechanism.
Performance Measurement Framework
The International Standards Office (ISO) has defined a method for calculating the performance of the recycling of Road Vehicles. However, no model has emerged for measuring performance within the aviation sector (Heerden& Curran, 2010) . The ISO approach define recyclability and recoverability rates based on percentage of reused components, recycled materials, recovered energy from material and undefined residue versus vehicle mass. Heerden& Curran (2010) believe that recyclability and recoverability metrics are useful for the aviation sector as end-of-life performance indicators. However, they mention a number of challenges in computing these metrics. For example, the authors explain that when a component is reused, it is in turn replacing another component that needs to be disposed of. Hence this matter should be considered in the model. In addition, the quality of work related to first aircraft of a model is different from the last one. Because in first aircraft of model, all disassembled parts have the potential to be used in other aircraft in the same model which still flying but for last one this is not the case.
Furthermore, these aspects are only related to the operational aspect of EOLARP. It's obvious that the different internal/external pressures and types of metrics should be considered in planning performance measurement system. Health, safety and environment, operation, engineering, accounting and human resources as internal factors and regulation, community and suppliers as external factors should be considered in green context (Hervani et al., 2005) . Corporate social responsibility is another aspect, which should be noted in developing performance management system.
As the balanced scorecard (Kaplan & Norton, 1996) is used widely in business and industry and has elements of design, planning and the learning, this methodology can present diversity, complexity and dynamics of performance management in EOLARP. Figure 9 illustrates the measures for aircraft end of life problem in four perspectives of balanced score card method. Some of these metrics have relations with each other and need to be addressed in context of stakeholders' value framework. This matter reflects another sort of challenges for designing a system for performance management.
The perspectives and measures have been derived from literature and the authors' opinions for developing a framework for performance measurement as a prototype for performance measurement in EOLARP. Some of them are new; however, the others are used and combined in different way.
The completed framework including the relevant objectives, targets and initiatives needs participating of industrial experts, which propose as a further study.
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Outlook and Opportunities for Future Research
During the recent decade, considering the directives and regulation in automotive industry, several models and solutions are developed for car recycling. Many studies address the management practices, ongoing innovation or limitation of end of life vehicles treatments in different countries and regions.
Several works address reverse logistics with different approaches such as network design and system dynamics. The other studies cover Economic and infrastructure, Shredder Management, Disassembly, Reuse, Recycling, Law and directives and Waste management. In addition, different modeling tools and optimization approaches are applied to end of life operational process. Some of these approaches are shown in table 4.
Treating materials from End-of-Life products in automotive industry is an important niche in their overall business. Therefore, the designing for reverse logistics and green supply chain can be a motivating choice for manufacturers. In contrast, we face a different, intricate and dynamic context in tackling to the EOL aircraft problem. The reasons are including the absence of relevant directives in aerospace industry, size of treated materials from End-of-Life products, the complexity and challenges in fleet recycling process and potential consequences, the multilayered relationship among partners and players, definition appropriate business model and considering social and environmental aspects.
Journal of Management and Sustainability Vol. 3, No. 3; Madachy (1996) , Watts (1999) With growing the number of useless parked aircrafts, dealing with this problem in a well-organized way is needed. EOLARP is a multidimensional and collaborative framework. Various types of values are extracted from these projects. Strategic approach can aid managers in these projects to achieve effectiveness in addition to the conventional performance efficiency targets in projects. In this work we studied the transdisciplinary concept in EOLARP and with applying this concept and strategic approach we presented a framework for further studies. In Table 5 we provide an outlook for some opportunities and prospects for future research based on proposed conceptual framework in this paper. 
